Introduction
It has been established that approximately 35 % of all restorations are replaced due to recurrent caries around the margins of existing fillings (1) . The beneficial effects of fluoride on the human dentition have prompted the inclusion of fluoride in many dental restorative materials, and therefore extensive efforts have been made to develop fluoride leaching materials for prevention of secondary caries (2, 3) . However, the mere presence of fluoride will not in itself be effective, as there must be a fluoride-release mechanism in the restoration to act in a caries-resistance mode (4) .
Recently, different types of restorative materials such as resin-modified glass ionomers and compomers have been introduced for clinical use, and it is claimed that secondary caries has been reduced around restorations that release fluoride. The aim of the present study was to investigate the amount of fluoride released from different types of light-cured restorative materials in comparison with one conventional acid-based glass-ionomer cement over a period of 90 days.
Materials
and Methods Details of the tested materials are given in Table 1 and resin-modified glass-ionomer cements decreased significantly.
Compomers (Dyract and Compoglass) showed significantly more fluoride release than either microfine or hybrid composites.
The pattern of release for the compomers was also similar, and the amount of fluoride release from Dyract and Compoglass showed no significant difference (p > 0.05).
Although composites showed less fluoride release than the other tested materials, there was no significant difference between the time points. The type of composite (microfine or hybrid) did not affect the release results.
The cumulative mean amounts of fluoride released over the 90-day period are shown in Figure 2 . The lowest and highest fluoride releases were observed for Tetric and Vivaglass Liner, respectively. Discussion The slow release of small amounts of fluoride is a substantiated advantage for a dental material because the fluoride will enrich the neighbouring enamel or dentin and prevent secondary caries (5-7).
Fluoride release is expected to be slower in vivo than in vitro. This is supported by the observation that less fluoride is released in saliva than in water (8) . On the other hand, it is very difficult to design an in vitro study with, for example, constantly running saliva.
An extensive amount of work has been done to evaluate fluoride release from dental materials, and the documented values of released fluoride vary considerably from one study to another (8) . This may be caused by a lack of uniformity in specimen shape, experimental regime, the nature of the aqueous environment used and even the units used to express fluoride release. Therefore, despite the large number of reports, it is difficult to compare the values directly. In the present study, the rates of fluoride release from recently developed different types of light-activated restorative materials were compared with one conventional acid-base glass-ionomer cement.
For both conventional and light-activated glassionomer cements, fluoride release has been attributed to acid-base setting reactions involving fluoride-containing glasses and a polyacid liquid (9), leading to fluoride liberation. This results in a large amount of ion release in the first few days as the material sets. When cumulative totals were considered, resin-modified glass-ionomer base (Vivaglass Liner) released more fluoride than the conventional (Ionofil), and resin-modified glass-ionomer restorative (Fuji II LC) during 90 days. The reason for this difference may be differences in the powder: liquid ratio. Studies have shown that a lower ratio results in increased solubility, and hence greater fluoride release (10, 11) . Glass-ionomer cements used as base materials have a lower powder: liquid ratio in order to obtain a suitable viscosity for clinical use. On the other hand, restorative glass-ionomers require a thicker consistency, with a higher powder: liquid ratio. In the present study there was no significant difference among the glassionomer cements, in accordance with Cooley et al. (12) , Mitra (13) , and Momoi and McCabe (14) . The glassionomer cements released a great amount in the first few days, and this release pattern has been verified by other studies (15) (16) (17) .
Glass-ionomer cements released significantly more fluoride than compomer and composite resin materials (16) (17) (18) (19) .
The compomer group also demonstrated a surge in fluoride release in the first few days after preparation. However, the chemistry behind the fluoride release from the compomer is quite different from that in glass-ionomer cements. In light-cured glassionomer cements, the acid-base reaction is followed by polymerization of methacrylate groups by visible light. In the compomer system, the manufacturer claims that a phase of light-activated polymerization is followed by absorpsion of water, which forms further bonds in the material via a fluoride-releasing acid-base reaction. The data obtained indicate that composite resin material, either microfine (Heliomolar Ro) or hybrid (Tetric), releases less fluoride than compomers and glass-ionomer cements, because the fluoride release from the composite resins occurs slowly through diffusion and not by dissolution of the actual composite resins (18) . Ideally, fluoride should be released slowly by a diffusion process and not by dissolution of the material, that is, fluoride release should not result in deterioration of other pysical properties of the materials (19) . In clinical practice, there is always some space between the restoration and hard dental tissue. This gap is most likely filled with dentinal tubules (20) , and in the case of marginal leakage by saliva and/or plaque fluid. Fluoride release is a great benefit in this situation because the fluoride ions from the restoration will be dispersed in to the microgap (16) . The critical amount of fluoride leached from a restorative material for effective caries inhibition has not yet been established; however, it has generally been accepted that the more fluoride released over a longer period the better. Considering the restorative materials, the results of the present study revealed that the highest and lowest fluoride release after 90 days were from the resinmodified glass-ionomer (Vivaglass Liner) and hybrid composite (Tetric), respectively. Although fluoride release is a beneficial property of a restorative material, in a clinical setting other properties such as strength, adhesion, marginal adaptation, biocompatibility, water sensitivity and wear should also be considered.
